study transport properties of semiconductors. The thermopower S is related to the Peltier coefficient IT, which for conduction above a mobility edge Ec may be written as:
kT No ( } ST =IT= -(A+ln-} 1 e n Since the quantities A and N 0 do not contain the mobility JJ., the thermopower provides a measure of the carrier density n alone and is often applied to separate the product nJJ. in the conductivity u = enJJ.. Moreover, the sign of S directly gives the charge of the majority carriers. A common problem with transport experiments is that properties of the metal contacts may influence the results. A current-voltage measurement reflects the conductivity only if the contact resistance is much lower than the sample resistance. In the thermopower experiment, the metal contacts serve as reference for the thermovoltage and contact properties are generally not considered to be a problem in the thermal equilibrium case, i.e., dark transport. In studying photoconductivity, thermopower measurements are much more difficult to perform due to the photovoltage, which may exceed the small thermovoltage. To understand the steady state photoconductivity it is essential to be able to distinguish between the effects due to changes in carrier density and those due to changes in mobility.
Photothermopower measurements are of particular importance in the case of a-Si:H, since Hall etTect data fail to give even the correct sign of the charge carriers. 1 We present a technique to study transport properties which is based on the photothermal detection of Joule and Peltier heat generated by electrical currents. The method gives a spatially resolved profile of the conductivity along the film surface thus allowing the detection of u away from any metal contacts.
The measurement of the Peltier heat rather than the thermovoltage avoids the influence of photovoltages on the signal. Preliminary results for the photoPeltier coefficient of doped a-Si:H are presented.
1
All measurements were done on 1 J.1. thick a-Si:H films deposited onto quartz substrates. 2 An oscillating voltage U=U 0 cosc.>t with frequency f=5 to 10 Hz is applied between two evaporated Al-contacts in gap-configuration with a spacing of 1 to 1.5 mm (Figure 1 ). The heal generated by the current creates a temperalure gradient perpendicular to the sample surface, which changes the index of refraction in the surrounding medium (CC1 4 ).
3 This change is probed by a laser beam skimming the surface of the sample perpendicular to the current direction. To prevent changes in conductivity caused by the probe laser, an IR-laser (X = 3.39 JJ.) is used and the deflection is measured by a position sensitive PbSedetector. It was verified that the resistance of the samples is not influenced by immersing the a-Si:H films in CC1 4 , and that CC1 4 itself produces no deflection due to the applied electric field. Both signals appearing at the reference frequency {lf signal) as well as at twice the reference frequency (2f signal) are monitored as the probe beam is scanned along the direction of the electric
current (x -direction). It has been demonstrated that the deflection is directly
proportional to the heat generated within the interaction region between the probe laser and the sample. The magnitude and phase of the lf-signal of the heavily phosphorus doped sample are plotted in Figure 2b . The signal has the predicted shape for the Peltier heat with approximately symmetric peaks appearing at the contacts. The phase of the signal at the peak-positions differs by 180° indicating that the deposited heat has opposite signs at the contacts. Also shown is the phase of the lfsignal measured in a boron doped sample, which at each contact is shifted by 180° with respect to the phosphorus doped sample. This behavior reflects the change in sign of the Peltier coefficient as the conductivity is changed from n-to p-type. As in the case of the 2f signal the phase decreases in the tails which is attributed to heat diffusing from the peak position, leading to a time delay of the signal. The Peltier heat was found to be proportional to the current through the sample over more than two orders of magnitude. The Peltier-coefficient TI can be calculated directly from the integrated 2f and 1f signals (S 2 f and Slf). Peltier coefficient II of a photoconductive sample at various light intensities . 
